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Two different complementary DNAs (cDNAs) encoding maize TFIID proleins were isolated from a maize IcafcDNA. Both cDNA sequences reveal 
two types ofTFIID. each encoding an open reading frame of 200 amino acids. The two cDNAs arc 76% identical a~ the DNA level and their putative 
amino acid sequences din’er at only three amino acids, Like TATA box binding proteins from other organisms they show a bipartite structure 
containing a spexilic N-terminal region and a highly conserved C- terminal domain expected to be necessary and suflicient for the essential TFIID 
functions in transcriptional initiation. 
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1. INTRODUCTION 
The general transcription factor IID (TFIID) or 
TATA box binding protein (TBP) is a key element in the 
assembly of functional transcription initiation com- 
plexes. By its specific binding to the TATA box, to other 
general transcription factors and to the RNA polym- 
erase II, it assists in the assembly of the initiation com- 
plex at the transcription start site. Due to this important 
role in the establishment of pre-initiation complexes, 
TFIID has been considered to be the target of interac- 
tion with upstream regulatory proteins that modify the 
specificity or activity of transcription [l]. In the case of 
the transcriptional activators SPl and CTF for exam- 
ple, co-activators that co-purify with the TFIlD com- 
plex were proposed to be involved in the transcriptional 
regulation [2]. TFIID was first isolated and identified 
from human tissue culture cells as a fraction (fraction 
D) of a phosphocellulose column [3-51. Previous find- 
ings suggest hat TFIID is a multifunctional complex 
that includes co-activators and the TATA box binding 
protein [6,7]. Two different TFIID complexes, contain- 
ing the 38 kDa hTE3P could be identified in HeLa cells 
revealing different binding and transcription activating 
activities [S]. 
Since then cDNA clones of the TFIID have been 
isoiatcd from yeast, mammals and Dt-osopizilu [9-213. 
Amino acid sequence comparisons of the TFIIDs reveal 
a bipartite stnlcture of the proteins with a carboxy- 
terminal region of 180 residues, which contains highly 
conserved structural motifs necessary and sufficient for 
the binding of TFIID to the TATA box and to recruit 
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TFIIA and TFIIB to the promoter [15,20,22-241. The 
divergent amino-terminal regions of the various 
TFIIDs share little sequence similarity, is sometimes 
rich in glutamine residues and is poorly characterized 
in its function [15,17,21]. 
More recently, cDNA clones enccding TFIID have 
been isolated from the dicotyledonous plant, Arubidop 
sis !ltalium In contrast to mammals, Drosopltiia and 
yeast where only one TFIID gene has been found, Ara- 
bidopsis contains two genes encoding slightly different 
forms of the TFIID. Both factors are able to confer 
basal transcription but exhibit a different binding pat- 
tern in electrophoretic mobility shift assays [25]. We 
report here the isolation and characterization of two 
different ypes of cDNA clones from a maize leaf cDNA 
library encoding TATA box binding proteins. The pro- 
teins derived from the longest open reading frames of 
the different cDNAs reveal the highly conserved struc- 
tural motifs common to the C-terminal region of TFIID 
and display a N-terminal domain which is different 
from the TFIID clones of other organisms analysed so 
far. 
2. MATERIALS AND METHODS 
9.1. Scrrer~itrg oj’u wire cDNA fiOrur,v for TFiiD ettcodhg cDNAs 
A maize leaf cDNA library in lambda ZAP (Stratagene) was 
screened with u 538 bp HindlI/EcoRI fragment of the TFIID cDNA 
AT1 from Arubidopsis rhuhrta [25] by standard procedures [26]. Hy- 
bridization with the DIG-labeled probes (Boehringer) was performed 
at 42°C for at least I6 h in a buffer containing 5x SW, 20% fonnam- 
ide, 0.1% sarcosyl, 0.02% SDS and 2% blocking powder (Boehrin- 
ger) followed by washes at 65°C for 15 min each in 2x SW, 0.1% SDS 
and 0. I x SSC, 0. I % SDS. Hybridizing cDNAs were detected by the 
addition of an all:nliec phosphatase.conjugated anti-DIG antiserum 
(Bochringer) followed by the BCIP/NBT colour reaction, Positive 
phagc clones were purified by further ounds of screening. 
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2.2. Nucleoride seyurttre aaal,vsis 
Recombinant p6lucscript plasmids were isolatd from purified 
phage clones by in vivo excision with helper phagc R408 as outlined 
by the manufacturer (Stratagene). Alicr amplification of the plasmids, 
the cDNA inserts were subjected to restriction enzyme analysis, Nu- 
clcotidc sequence analysis was carried out on an EMBL automated 
fluorescent DNA sequcnccr [27] according to a modified didesoxy 
method using fluorescent labeled primers [28]. The cDNA sequences 
were analyscd using the PC/Gene program (IntelliGcnctics and 
Gcnofit). 
2.3. Southern blot attalpis 
20 ,ug of high molecular wcigth total DNA, isolated from maize 
seedling leaves [29], were digested with restriction enzymes, eparated 
in 0.8% agarose gels, and transferred toa ZetaProbe nylon membrane 
(Bio-Rad) by capillary blotting [26]. Hybridizations with two TFIID 
type-specific cDNA fragments labeled with )!P by random priming 
were performed at 63°C in a buffer containing4x SSPE, I % SDS, 0.5% 
Blotto. 0.5 mdml salmon sperm DNA for at least 12 h followed 
by washes at 63°C for I5 min with 2x SSC, 0. I % SDS and lx SSC. 
0.1% SDS. The central Psi1 fragment of the cDNA clone 13/l and the 
C-terminal X/101 fragment of the clone 3/l tircrc used as gcnc specific 
probes (Fig. 1). Hybridizing bands were visualized by autoradiogra- 
phy on Fuji X-ray films. 
3. RESULTS 
3.1. Isol~~tion of Tao ~/rjkret?! m&e TFIID cDNA clones 
Twenty-seven hybridizing plaques were isolated from 
the screening of a maize leaf cDNA library with the 
Arabidopsis TFIID cDNA probe and purified by re- 
screening. Restriction enzyme mapping of the cDNA 
inserts from the recombinant phages demonstrated the 
presence of two different cDNAs (Fig. 1). The two 
types, ZM TFIID-1 and ZM TFIID-2, were equally 
ZM TFIID-1 
Fig. I. Rcstriction.cnzyme maps and schematic alignment of three of 
the independently isolated cDNA clones revealing the two TFIID 
types in maize, The dotted boxes represent the coding regions. The 
positions of rcslriction sites arc indicated. 
Fig. 2. Nuleotidc scqucncc and dcduccd amino acid scqucncc (in sir& 
letter code in italics) of tbc cDNAs encoding two TFllD proteins of 
2~ rt~ow, The tcrminulion codons are marked by asterisks. Diffcr- 
cnccs between the twn maize TFIID clones are indicated by small 
letters. The diamonds delineate the region of overlap bctwcen the 
cDNA clones 7/2 and 3/l of the ZM TFIID-I type. 
represented in the cDNA library. As yet only overlap- 
ping cDNA clones of the second TFIlD type cDNA 
have been obtained. The size of the ZM TFIID-1 type 
cDNA is comparable to the RNA of 1,400 nrtc!eotides 
length detected in Northern blot analysis (results not 
shown). 
3.2. Comparative nucleotide sequence unalysis of the two 
cDNAs 
The nucleotidc sequences of the two TFIID cDNAs, 
confirmed the differences een in the restriction enzyme 
analysis (Fig. 2). The two maize TFIlD cDNA clones 
display only 76% sequence identity at the DNA level 
over their whole length. However, while the cDNA cod- 
ing regions share 96% identity, the S- and 3’-non-cod- 
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Fig. 3. Southern blot analysis with 2Opug of total maize DNA digested 
with HindIIf, BurnHI or f&RI (lanes 1-3, respectively). Hybridiza- 
tion was performed with different szP labeled TFIID cDNA frag- 
ments: (A) central PsrI fragment of the cDNA clone 13/I and (B) 
C-terminal ,%I fragment of the clone 3/l. The arrows indicate spc- 
cific hybridization bands in both Southern experiments (open arrows 
for TFIID-I, filled arrows for TFIID-2). The DNA markers on the 
left (Hindlll-digested lambda-DNA) are indicated in bp. 
ing regions are less than 60% identical. At the protein 
level the two cDNAs are 98% identical. Both cDNAs 
contain an open reading frame of 200 amino acids 
Homo sapiens 37595 h 
STF’ 1 Q Run srP2 
IL.:, ., ./.. :.:. .:.,-pElq .;, ;;,., ,~...~,~,..~,~.~..~,,..~...., .~.~.1?... ..., ~, , ,,, , .,,.;; &. 
which code for proteins of relative molecular mass of 
22,300. The sequences differ in only three amino acid 
positions, 8, 193 and 198, of which only the valinel 
isoleucine’“” difference represents a conservative amino 
acid change. While the sequences of the N-terminai 20 
amino acids of both maize proteins differ from the 
amino acid sequences of the other known TFIlD pro- 
teins, the remaining 180 amino acids show a strong 
sequence conservation. 
The differences between the two maize TFtlD cDNA 
sequences suggest he presc;z of at least two genes. 
This is supported by the results of Southern blot analy- 
sis of genomic DNA. Hybridizations with probes from 
the cDNA 13/l clone (Fig. 3A) and the cDNA 3/l clone 
(Fig. 3B) show clear differences in the banding pattern 
between the two groups suggesting that different 
genomic fragiments contain the TFIID genes. Some 
bands are present in both Southern experiments and 
probably result from cross hybridizations between re- 
gions of homology in the two genes. The weaker hy- 
bridizing bands may also reflect other TFIID-related 
sequences inthe maize genome. A further indication for 
the presence in the genome of different genes for the 
TFIID protein is obtained by performing polymerase 
chain reactions on genomic DNA with oligonucleotide 
primers common to both maize TFIID clones, This 
resulted in the synthesis of multiple fragments under 
stringent annealing conditions (data not shown). 
direct repeats / 
central basic core ,,..*,,,, .I...,. ,,,,,,,...., 
o homology . . . . . . . . 
S. pombe 2~12 b,TTTTl~:.:i,;:~-;..:.:...:.:.:...:.:.,.:.:.~?~:.7346,.,.:.:.,, :._:L . . . . ...?. :.I.: . . I. :.:,..:,:.:_:_!y 
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Fig. 4. Schematical representation f the TRID primary structure showing the evolutionary conservation of the TATA box binding factor. The 
relative molecular weights of the different TFIID proteins are given following the species names. The numbered positions display the boundaries 
of the N-and C-terminal domains. The N-terminal regions of these proteins differ both in length and amino acid composition. The black and heavily 
dotted boxes rcprexe! sequences with stronger and weaker sequence similarities to. respectively the human STP stretches and Q-runs. The lightly 
dotted boxes represent the conserved C-terminal core. Structural motifs within the C-terminal region are outlined abuve. Small triangles under 
the C-terminal core indicate positions of amino acid differences from the human TFllD sequence and the degree ofscqucncc homology (relative 
to human protein) within the conserved C-terminal domains of the TFllD’s is summarized. 
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4. DISCUSSION 
FEBS 
DNA binding proteins, such as TFIID, involved in 
establishing transcription initiation complexes have re- 
cently gained increasing importance. In addition to its 
role in guiding the transcription machinery to the initia- 
tion site, the TFIID protein is also involved apparently 
in mediatirg the reception of specific signals from up- 
s&ream activator proteins by protein-protein interac- 
tions [I]. In order to interact directly with the TATA 
box region and with other proteins in active complex 
formation, the TFIID protein is composed of several 
domains which potentially have different functions. All 
of the TFIID genes characterised to date consist of a 
divergent N-terminal and a conserved C-terminal re- 
gion of 180 amino acids (Fig. 4). 
The C-terminal region contains highly conserved se- 
quence motifs, namely the two direct repeats, a domain 
rich in basic residues and a region of similarity to 
prokaryotic sigma-factors. The high sequence conserva- 
tion suggests that the C-terminal region of the maize 
TFIID protein is also involved in specific reactions like 
TATA box binding and interactions with the general 
transcriptional machinery, as has been shown for yeast 
and human TFIIDs [20,22-241. It is interesting to note 
that most of the differences lie in the central basic core 
region that has the potential to form an alpha-helix and 
might be involved in protein-protein interactions 
[23,30]. 
The N-terminal region of the plant TFIID is shorter 
than its animal and yeast counterparts and does not 
display sequence motifs such as uninterrupted gluta- 
mine residues (Q-runs) or regions enriched in serine, 
threonine and proline (STP-stretches). It is furthermore 
of interest hat the N-terminal part of the plant TFIID 
proteins analysed so far shows also distinct sequence 
differences to each other. Since it is assumed that the 
N-terminal domain is involved in mediating promoter 
regulation by gene- and cell-specific activators by pro- 
tein-protein interactions [2,20], the identification of two 
cDNAs types with specific N-terminal domains in maize 
and Ambidopsis might reflect a special regulation mech- 
anism in plants. 
A major difference between plants and other eukar- 
yotes is the presence of at least two TFIID genes in 
Arabidopsis and maize, while in animals and yeast only 
a single copy has been described. The two maize TFIID 
proteins differ in only three amino acid positions. The 
changes lie close to the N-terminal and C-terminal ends 
and two out of the three are non-conservative changes. 
The two Arubidopsis TFIID cDNAs differ in thirteen 
amino acid positions, the majority of which also lie 
mainly at the N- and C-terminal ends. Two of the Aru- 
bidopsis differences occur in identical positions to the 
two C~termicn! diiTerenses in the maize cDNAs. Both 
Arabidopsis and maize TFIIDs contain the valine/ 
isoleucinelg8 difference but while the Arabidopsis clones 
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show a serine/ arginine ‘93 difference the maize clones 
contain either serine or alanine at this position. Since it 
appears that both dicotyledonous and monocotyledon- 
ous plants contain at least two copies of TFIID the 
possibility exists that in plants some of the functions of 
TFIID may be divided up between the two proteins. 
Experiments are in progress towards an analysis of 
the functional relevance of the identified structural do- 
mains of the maize TFIID proteins and, in particular, 
in search for functional differences between the two 
types of maize TFIID proteins. 
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